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1 - a 
• 
'tu heat et reaotloa balJ not beeo ucb. eaplot.ted ••a 
•MO• of detentUAB tb:• •114 polat Of a tttntioa. *-t f 
th• applia.tlon tlmil fa.r ba•e beeo tor o.nonal detel"lllntt.oaa. 
••r •• 1_.taat titr•t1ou haYo bad: eucb a nu.a IOI' earlr 
d ••1opaeat. banwl". Tbl• utltoct ellc:llb p#Oalae u a rapi.d 
•ad eoDettl••• cleteNt.oatt.on tor 1.._vial aulJai• with 
· alaple l•t,..••U•. Tbe •al'tetr of tta po1uU.al ap li• 
t 
•.d th• aomnc1 bQ be••••- to be Coed, •ad la •oee cuea, 
•utleat. 
o.. pOMt.bl ~••809 fort tlw appal'e t lack of l•t•nat ta 
tb tho'nom.etrio e calori•tne tttnti • •1 h tllat. the 
ta•t~• tor ..... ,. ..... 11 ebaOI• .I.a tapeiiature b.aYe 
••• uatil ...-at11. other owtl»en... ot oa1r that, b.at 
tlle taci tbat P'l!lP1- ·bad to.,_ plott41d bJ bad ..... the ••th 
no euie.r ttao othera wldOll Mel p~-.• t'-elves. ft•· record• 
t.es potftt1.,.t•r. couected to a ttael'llleter Ol" a tllenocoaapt 
sol•• tllN two problaa. 
Oae Uf •t.111 u• wllr tben ftould be a oial iawreat 
la the tbe,....trtc tltntioa ltbeo there an al...,."°_, 
wart..e4 ......... well developef. •or a labOn.tOl'J wlth 4S.tfereat 
t1pee of «•t•ftdaatlo•• to"'*-• tlae ••Y .utetr .. ,. be a 4raw- 
baoJl., it l• coaoeivabl• that tlM vanatllltr or tbe tb.e,...trtc 
tttn.tlOD i• pc that tll• one Mthod of c.t.tel'Jltaatloo a,- be 
a.bl• to to.u the plaoe ot •w, nt coaeeflQent laaplltleatt 
of tedtolfltl• anct appan:tus, a.ad lowel"f.acr of apeue. 
Tile ptU'pOSe of th paper ls to •-ri•• the DJw pr bl•• 
of deat.gatq appant , aad to di•wa •olutt-. for •• t 
tit•••· ••• amt MlQtlOM t•~ th ... Aa att • 
•to t t Y rMtiltt,- ft t oct in rep.-ct t t 
tecbnl.qtit• of tttraUoa1 tM idea btdq tbt c 111eu1c li••l'J 
•• •11 •• •o1wa tne ctett••IT of na te uabt 
A• far u :ta aowa, tbe t:ln:t applica.tte o:I tile heat ol 
tieaot!ea to • tttnttoa .., •de ...,. INJ.1 . ..s Cowell 1• 1913: (1) . , 
to ot•nlN ••1,... • nltat•.,, tltntio w.ttb -•ta. A 
0.1 depH then111eter .. ued, aad ti.tr accu.-a01 •• , which 
_. appat-entl1 ade.-t for tlatlr ......_. sweral otbei- tneet1• 
ta C•.G,.9) tried tk•-- trio tltntloos wt.tll ~ 
naeUeaa Uld nporhcf ••e.-t iadlfte,..nt reaults. 80.S.Ja (11) 
1• t:a late•'•'•• h'eatiea; ••J>Ortet that he obtained ••11 at 
l"UUlta With -.o.nt'*ted aol•tt08S. •• lttatanoe, the de l'Jd•• 
atloo of •h• 1• ntf\lrtc aeld bJ .... of a tbet'llaetri . 
titn.tloe waa ..... aceante Rd •on Coa'Vealent tha.a by u actr 
h• tl.t.ntton"' At the••• ti•• warr ancl ftaoh (17) •ta a 
••flnecl t ehattae:r ellnd tluat nar ._. MaetlOM c lei 
t•stldJ be tollOlrff bf' tile ck•• ia t•,entura. 
TM_,. .... iwo1Yed erad th •lft1oalt? la ut.og the 8'.tck""' 
•n ._.._.,.., •uctOllbttHtlf di8eoQnpd mob ...... rob alona 
tld• 11•• acept for laaecu.rate ftt•ninat:t.OM lilt• tboee of Bell 
•ad Cewell, • apeolaltsed "*•ttom web u tbo•u• .-epwt. .,,. 
Soaaiva (....- refo•nce 19 tor a ca.pl·ate lt•tl. Vp to 1M1, 
little had bMa actdod to tbe teo1ia1-.. Jllller (19) • howeftt', 
di•cua••· a ._b•r•oao •l•etrlel ..._,. .. •Yl• .-plorlag 
• t!MtnOOOllple. Beat ta addid •1ect•1caJ1J to a refe.-eace 
"88•1 to balaoc. tb't tnth• reaettoa ftaael. au a clock 
........... tbe dunttoo of a OOIWta•t •1ectr1eal C'Qn'eat uaed to 
aeaent• tile bea.t.  Thia is pNbablp the :tint attC111JPt to -.tre 
t1• p~o•I ·to teapeatwe ·and. to aplo, a.a au'l .. tic 
tttratiu i• eoaaectlta nth tb8 •tb.Od. VP t tide tt • 
ttda UtnUw bad aot ~· _.,......,. 4MWGleat etaOlllp,. • PHC1ae 
n•Cb for otttw tk• •:pec1a11_., l"eaetiou. 
la lfll; ·tu ~tric tibatloo floa.llf •• M to :cora 
of ap aa Mode, aodgtQ'IJ a:od .._ (II) HPOried aoount ~--1"8 
Wltll.., ••led tttn••·••· Hd -..tori.as• OODV•ta11ea• tedlatoue 
... relatt.velr •i•I• •wa••· flOet of tbc!t wcwJc duertlted 1 
tllie tttMt.• l• baad n ttse *"•1opaeD'ta di•CUd.t bf u..-, •t al. 
Na pa~ le OC'dlC•ned 1'1tb eaal...,tn 0011 u a aethod 
of titratloa. aw.nir, Defi rd (G) st•o • cooct Matorr oft 
titnttoa. 
A, .,..,...1 OOUidenU.ou 
n. thw.l ·tt.tntta ..... h na11J pn.otlcal ft 
for ap..S..Xt-' .- •1-. tbe ell Pfd•t cu 1- nn.atieativ 
det.-t.aed. Aa obvJ.owJ WJ' to a thltt at ti. p.._eat tl11e 1- 
dtb 't1te ....... ,., ,oteau-.._, alt!lOUlb t.u u...- an.use• 
••'t .,._'h4 lq llill•r (18) ·t:d.pt d•o .,_ 01tp1oped. lotl 
tut.ta•• a aJino w.ld.cb 11.-. a plot •f time n. ~ttiwe. 
ftle P~• th• tu n.to ef 4f.tU¥1U7 of weapat -t h 
.,_taot. a. boat .wot•-4 ..,.t be npt.dlF Md nor..p1 
dl8"raed wt.''1• the ••cttoo cell, ttms ..,...tta1 the Med tor 
•• •:.ff&oieat •tl•n•• .,. •• , .. 1.- or tlle~- 
npMSag beat tftaa~•JJ ... special dqtp ot tktt I' tlOll 
ffQet .. _...,,. ft• ut1toct of tleteetlaa tiu, ••• t b.oat 
llWlt be •••i•t.••· taa•• llttl.• tl o las, Md should h 
el~ical ••• of nt.cttu. Wot netol_... •0attoraod ta 
the ...,_ntun Cbaqe ~odaced bJ' • t_,.nture 4tffeftl'lee 
t.etnoa n. ts~ and tbe SOlott. • to k Utntee. fti• s. 
l•P•-.t oatr la •olaelrlo t:ttratlotW ...._ tbere l• lt.ttl• 
U.t. Prodaoed, •od ntt'dl'M ~nl of ta. t..penture •f tbe 
tltl'Ut. 
ooaect.c nth 
tle dMiP of.,,_ .. -. • .._,.__., al._ YOluult"lc a.ad 
oou1-..t.ic titw.tt-. _.....,, ....-t 41.ft•••t pl1'61 ... 
t1'91 nll be dealt witb eepant 1,. 
6 
B. folmetne fttntl-. 
1 .. -.onpU.• 
The neoMt.*'8 Pot••U.-t• Q8fJd ~· t coune of th 
...... ne a p~ •I ·a. ._. .. Uectrleal tll8tt'ment C•OO- 
•tioa •*' '*" • 10 lll•Olt ..,.. van. .. •• •f tbe recoM- 
lDI pot9a,tOfMft•• an •t11...S br Billa (lil) aud bl• (Ul). 
7le .._ ... el.....,.. .. a W.t.wa Uedri ~1 H1l. ti.••ter. 
n. th•nt•'ter l• a .. 11 ••t-coadtH,tt1a1 Of Cao aud 
Do .-1.t.,. of 'fttcb obupa n.f.U.callJ wlttl tapen"ltl • 
ft• ... lti•e 01.-..at au the .... ._ an nei la 81 te 
etnaat•. th p~Uea ot. tn tHMt•tft u dlecusaed br 
De8e .t al .• (S). ne tbena.-t •I° waa ~lored hcauae · t lt• 
&lapll1U'IP •ltd eeaaltl'f'ltr. ftl\lM l i• a arapb wld.oh •llolM 
• 
:u. tie ,_tlJ'tea•, • t two dl•:t• t tb....-.to• n.rlea wlt.h 
tefip$nt\lM. TM- tlleftll•t•r .. _. ·De n ot a ~U'toae 
...... Wld.• -· , • .,,..w , ... adapt•• 4-ieoed .,,, •• 
bf.09 (U). 
two • ._ of ,.._w., a ..,ta.at il• --.. "" 
'•••t1tatMJt on. ... -...... a tJMJ P•tnolpl• of tilt 11.0'tte 
fleelt• llad bU: .._ doHJibe4 1>J' Taplu· et al. (D). Th 
otbH' .. .' Udltlattoo Id U. otv dri"" antnae '"°"t -, 
fA•• (le). 
A ato 0,.0'41 hnr fl_. tJfitb • f..ate PoUd llU• .tO!ot 
•t lo tu ttottoo _. -.iored ae • reaetloa •-1. t 
'thrmlwta ee eaent· 18'0 a •1• .'Jcd.bt <n..-. 9) • ' 
t ·dotecttas •1..at aet 1 • ._ . ._ ~ ot t!le fl.a*. 
1 
The O\ltb of the flask was closed bJ a cork stopper to diminish 
he t los . which would interfere "1th the seusit1Tit)' of the end 
point. Through the c ntei" of the stopper, a 11totor driven gl•sa 
sti~QI rOd ro~ted in a glass bea.riog. Te rod waa dest. ed 
to 8t1r around tbe the tster (1'1ga-re 2). Another ta th 
topper•• aade f~ the buret tip. 
2. DiecuseiOD 
tbe volUlletf'ic tttratioaa \rel'e origiaally planned to 
taveatlpte 1111itatlons ot the tbet'lftOIHittric ti tn.tions. A few 
saaple reacttou w re ru, wt poor pr•ciston wa btalned. 
Tb.is was caGeed bf t e fact that the otor dri•en a1rin did 
aot 4e1~• r the reagent at a sufficiently eonatant rate. Per- 
haP* the pitch of th screw wa.a not cOtUiJtaat; the eyring •1 
ha•e· been imperfectly ground, or perhaP# the otor used was 
not powei-fal enough. sldesthte, tbe rate ·Of deliver, ftll 
not coauo11able11 and though no taveat1p.1:1ooa of the optt 
rate baY been ude, the :rate prOYtded, about five l./mi •• 
was pl:"abably :rath r fast, or at least the optimum rate of 
cl 11. VGI")' should 'be detenined by approp:vi te exper-Imenbs , 
Tile mecbantcal he•t of •t1rrlng provides""' little 
difficult)'. sioce tbe rate of st1rrtng can be adjusted so 
that the bet loss blllauces this heat aaiza, aad the effect cloe 
not interfere t1ateriall1 with the aharpoeas of the ead po1at. 
Aa 1•porta.nt aapect of t.bia line of research na the 
etudJ of adVantages and d1sadvantaps of the specified locatiOD 
.of tbe detectiac element. ftnt of a11. th tbe:rmiater ts close 
to tllo 'bott• 'Of tile ft'Mel eo tllat uall "'•- et .oi tion 
•r H uaed, , .......... Ml ~ of --.S.tl"fitv. 'l'M.a le be~ 
a dllutia 8'dl •rht M ~q •• eovw the t...._'t_. 
.,_,, ~ •. ._ tepentm:o ottaaee te pveu ••~ ot 
..... ~- ~Jt. Go ...... , .. lo 
Th •h dl~ '* ti.t tt.. 3cet &a eadlJ df.el.tJ«mleCJ,, 
•1..., wblle tfle Utattaa ta tafdq ,place. • vbil• 
19 WOI el ad.- ft& httetr a__.l'-'tto$ d&7t • rm:i~lJl·loSt 
AM ~Qs Of ~ ftN8t Wbtle ol ·~ tile t r $p0llo 
tire. titftltioo.. ~ a~ i*-l a~t wadd bo to 
·fav. th ~f' · 164 la ·•t• _., • ~ e . • 
a.atb to ,. boft• .of the flute. 
e, Cotd._'lric fit...Uoaa 
l. , r;\pUOQ 
TM coai.-.td.o ttW.tte ~ f.tee1t 
etw. Deron (G) ..,. Doi• -, <•> s&• lood &~i •· 
8-leallr •. .- tttnwt a· tM ~t of ~orated 1-trr 
lJ'tlallr·. a, ~r•• ""'• "1e awabor ot ~·· l•t 
tavoltied t tbe ~ion _, be eala.tlahd, or u.q rt 
h*804 11¥ ~~lsou Wi'l!l •~ND-· n. ooil pola't _, bo 
d&t•.t br .., -.u wed fW •ol~rt.e tttro:IOmt. Ro work 
, bMQ . po.tad doallDI With ti · tMNOa...~c CC&l · o 
tratt \f' ~ loltJtotf •ad , (14) .t ,. - 
.i.llt7. 
In ·s- nl •. tile au.Mt coaidd· qt&-. in ipt.q· appan 
•N pHaeot ·• t• a •ol• trlc U•tton. but tti.r -.t 
I 
•tta*" Wltla a....._., dlftel'dt .,....,..,. a. lu aa tlMt 
-...U-1 .- .... .., of..._.. i• ..,._ ... , tu.ah 1d.a1u 
' 
to • t01-tno tf.tatl• l• •• It .. , · n a ._.... nte. 
ftl• ..... tMt a 1 ,,_.., to 1· u.._ a coutattt _...._. 
.... .,. · • .._ •• tu tlW ......,, to --.i.t• • Naott 
.l, ........ ' th· -----"·· ....... , ., ....... .... 
YUlabh ....... , to th ooa. nnu-.. · c u twtnmnt 
UI ._. 4N l'SW bf ftN et al. (U). 
,.. ....... , ......... l•ttndl, - .- ... r.tr ....... 
u a .. 1 .. vt · tltntloa •. rr. eo flnt, J.t ne •-. *' •• , uteotl• I. pot.at., 1 ...-u. W'Odd •••• ' ...... • .. to - ' J)tld.at. 
ften.fu.. a •11 ( De• 
(f) ... ~ llMioaU,. it OOMI$ of *'ti ........ Poi•t- 
t· .. ~·r tC. wJ.tb eapl.ltur ..,,, Ud a &llY•IT WM• 1*Ut4 
I• -. top., _. Uta ne a platt · . eltctl'ele, • ;ti.._· · l 
pawate. .-.ra elttldaU•• Aft•• • t'l--Uon .._, * .,,_.. &o Filll•• 1. lt -. AHO¥eft!ld tbt tbe 
•t..._.l, ....... , ......... ..,., . 
.... ldW ------·a Mf__. Mil M uaed to kl._ 
°"' tile ._, o1 .a•ro1,.... ne • .,.....,.. .. ._. .... 
-. 1n • ..,, ot • •n• ·<n.-. &). nae ~ ,.. .. 
.. , *' -~., - --·'· .. 
a.cl JJU'dlfll ..,...._ pl*h.S Nai•,.aaoe "" **• di 
'ftt.t ... , .... ~-, , • ...,.... ............. 
...................... ._.l8RIU'•4• 
lO 
~ ~ f ~ v-.soJ l:otl'Cduced tb• ~le •f 1 
· of •tinklg. Tile olnl• ·bled o ,acttuet: t 
~ of ho ~M ~ uottt the blfl· 
lae:Ce(!. 
1.. Dlsc.usal.m 
fbo _ tllQQt.loo of •bo eQOl'Ual cell 1 · _ Uo4 T•jo at 
do .,. 0Tr . n told.as t - d bf' lel'orct. A . -· 
d$ n.c ''o b•ttttl ~ of . tti , ••d ttw baped ~. t 
fl otlloJr p;t Of tubl - .. i: t ·and; G 1 OV$l" t lo, 
UD~tuut•I,, trllo l ttoo pot.o.t ot t . , ftbl o 
the ultl foln1 ill tubiD eould not 
to ·11~ ~a tosetltol' .doqUatelr.  Tben.tor•, tJMt Joi t l.~~ 
• mllf U t eto. oil Al e, at'lltl wr 
obstncted bf eao wi.t _, stOPi. t t1lc flOI' of· tit 
No s~l4 ,~.,_1,. · · 1amod on faultr c 
~·~·dlduot ...... , ' --t .. - , 
el trol,tlo coll. At afJ'1 ate. oap!,Q . .J<~~ 
o: VtJ - ·h,t W Ml •· 
!.D:Hiftl elrcut<t wedted all. 
.  
li .... Id. 
lihwntftl oo 
pecu1 tt, 
bat lo~- · tono Y · el ta nec~ .. nll,a~. deubl• 
bg e. sJ.ttt 
t dea<'#i 
"'""'"'°dil!ll, ae1 tr»t!t of ctton 
ael.4'*~ tltmtt · r:il1 ~ 4Qin n4 
11 
UlPGtJD!U>l• wttb • nn;lo t1t11•ti·ott YHa-1 'beet1•• ot ltoat 
If ota. Ilda etbod wmld atao ba'f'o th o4va!'R*1$ of lOYolV- 
101 a con tut volume of eol.tt• at au tiu.. 
~· $t'lftl08 l)l"OVod to s-obJ.m. ft& ..... aed 
' 
.-09 · to have lluctuatita; ~. pe:rba ~of I ucta- 
tlo litae ffltage, ad ttw:rof,,,_t • ¥4t7l• ..... , of atOOMnt l 
heat •• ~ted lb eadl coll f&Ud.•I edj~t d&lft.cult:. 
~ ·iOOS to i .QV$ 00 thi MW.Gd D.Jt; .-r dfl. 9 
it~ iUD bf tbo ante · ot.OJt. '"'° vaCU'mll •tin re (81._ UU)Ol!J 
'td.th allort-1' •* .... wbtek ..odd pdiOdteallJ be· acc. red 
r Ce aol•tion alld eoce breU ·the •ctioo w.t.tb c ~ot 
a81Utlt'$). 
.., ••••••• ,,_ ot YOI •to Utn.'1008 ... vied • . 
wt all _. ••If ~ ~-. Pw ._... ot -., f t•tuce• 
iu -*• •doM~l0»io aol4 titaue. -. •t of 
~- .. ..a1,, Ud i~ ·~ ....... ., ~- n.t 
' 
., of elMI 4'1fteul• to ~ . ,, ... ~-·~ 
ne •ti'Oal !wd-.t.-. '-• ti.ta.ti. a.a "" ~ 
mnea la .all -.na .nw. SUple ..._ 1 • ..--. a II•• 
' 11.-0 1. B• m11t1t.te• ., ·~tet.r 0.1 . l •· 
• titaW wt·lb •PP,_Mtelp 0-.1 llOftlial. IC! S.D tld.a ••d • •. ... -···AN Mt7 elGU', .. one ' ... - ~ . -- 
..,.,.. .....,_., -. dotted ll• ~ tM eod polut. 
-. • ••''"· •tape, tildlcat.1• "*' ee te ot n.oir 10--.. 
u: tU . , ....... .,.,... ft&.• •odd !Mi ...... ., I•;. ot ......,, 
·-~- Go UtMUOD wltll A lull ._..'t rt UM. ~ 
of a. ..,,_ d•• .-eai. ·ti.at tt.e ate ., alt••rr a.-tec1 
._ _. tt.• -~ agtW* ftG Ian tat tho~ U.tl'atl ·· 
.. ..a ~ -- Mi ' at, .. 
dilGUOD U89d to ft1N tfte --.uts. leMI abale tq t ... tfttl.rter. 
Ibo a•oita-.. MttlOd OI 4oteftd.trl08 ld.lliecpdftleata bf' a 
theNOlletrio tlbatt ,.. ~fttd •• • ¥<>1.uaetrlc tivatioa. 
•Jaa.w • ....._11U• ot tbe UW UC .._ wn '°'*' 
·•01-.triwllJ, a.ad "6 ...,., ate of delt.••rr of tbtt aplue 
we .,..,_ · '1 a · rtonm•t •tbdd• TM a tMl U. of 
lt 
tteaotlion,t a~llM the=-et,,£c&11F wa ~ wtt a 
cOllPQbd t~tiol t• ..s road. to n 1• lb rMr1. nu 
o.Q& . . ,. QODOlade ti.at Ct:ll the a~t\19 lll1ed1 oatr a re1ati•e. 
_ ~ •tu •tllldudfl 1• aPI)llcable • 
..._. ot. • _.ntoat dllft.oul:tl• ..... terM, tide 
ault.tect .,. aot »UNGM ~·•· llut u ~t•tt• ot the 
CODIOJ11etnc-tbel'UI t~tntioa .. --- ,... ··- Of 
appantu.-. • ..._ .. ,_. oa, .._.,_..,, aM ao ..... _... 
•1tnt1.,_ "" na .. 
14• (I.I) .., .. ' QPll• 
,•tt.oos et -.. ueau-.. . ., --••• , o1 
add~ u tiOlflt prff.lpltaUo. ._. •• ._... OOllpleat 
teM'1-., uw.u.. •--1~ ""'' 
'fte nn•r o1· -.. ...,, t• 1.n.••• ,..,., Pft1aM.htr .... , ,. . 
WM Ml•__. •111• ti._ I ftt88lu ,_ 8"elal 
of -.. ....i•t ta._ ._l._ i.Ueau.g Gal u. •-=aoa 
....... , ...... 1, ... lD4' ' ' ,, .. , .. _._ _.., 
............... ~·-- ., ll!Wlotte Mttl Md 
......... -· ~ • .,.., .. tne ...... 
ft• wa HPWMd '1 Ulde .. U*rt-.. tUl4n · _,, 
.i -. At-10...., CC1au 1t•1•· tw a.,._... td ,_.1 •• • 
........ , •olUli- ·••Ith ... 
lOlt•trio • .,. df.td,..tno titnuoae- • &utuce,. 
•I--*•• --., atltl ...-e .... ,, .. ne dtttied.t to •• , .... - ............ of,............. ... of ... 
di ti• 1•t_,en •t• • t,._..tdo .. po.lat. ,_ ...... 
aokttl°*'• wMa will m ._,. ....-., aDd wldo!l ._._ 1-.. ....... , ~- ...... 
i-.1. 
·fte · . _h'i UtnUoa _, nll tae &pitl1ecl t• ..._ 
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